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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant : John P. Biel, Jr. et al. 

International Appln. No. : PCT/US00/01473 
International Filing Date : 21 January 2000 

For : VACUUM-INSULATED EXHAUST TREATMENT 

DEVICE WITH PHASE CHANGE MATERIALS AND 
THERMAL MANAGEMENT SYSTEMS 

Assistant Commissioner for Patents 
Box PCT 

Washington, DC 20231 

PRELIMINARY AMENDMENT 

Prior to examination and calculation of the filing fee, please amend the above-identified 
application as follows: 



In the claims: 

Please cancel claims 2-3 without prejudice. 



Please amend claims 8, 11, 12, and 14, and add new claims 23-26, as follows: 
1 . A thermally-activated exhaust treatment device adapted to control exhaust emissions in 
a vehicle, comprising: 

an inner housing having a first inlet and a first outlet defining a longitudinal direction 
and having an exhaust treatment device therein chosen to reduce emissions from exhaust of a 
combustion engine as the exhaust passes from the first inlet to the first outlet; 
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an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including a second inlet and a second outlet that align with the 
first inlet and the first outlet of the inner housing, the inner and outer housings including walls 
forming a sealed insulation cavity around the inner housing, the insulation cavity having a 
vacuum drawn therein; and 

an intermediate housing positioned adjacent to the inner housing that includes metal 
phase change material comprising an alloy including Zinc (Zn), Magnesium (Mg), and 
Aluminum (Al), wherein the metal phase change material includes by weight about 35% to 
55% Zn by weight, about 35-55% Mg by weight, about 2%-20% Al by weight, and about 0- 
15% Si by weight. 

2. Canceled 

3. Canceled 

4. The device defined in claim 1, wherein the metal phase change material has a eutectic 
temperature in a range of about 339° to 350°. 

5. The device defined in claim 4, wherein the metal phase change material has a eutectic 
temperature of about 340°. 

6. The device defined in claim 8, wherein the metal phase change material has a eutectic 
temperature in a range of about 339° to 350° C. 

7. The device defined in claim 6, wherein the metal phase change material has a eutectic 
temperature of about 340° C. 
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8. (Amended) The device defined in claim 12 wherein the first phase change material 
comprises metal phase change material and the second phase change material comprises salt 
phase change material. 

9. The device defined in claim 1, wherein the metal phase change material has an 
expansion upon undergoing a phase change of less than about 8% volume increase. 

10. The device defined in claim 1, wherein the exhaust treatment device includes a catalytic 
material. 

1 1 . (Amended) The device defined in claim 12, wherein the inner housing of the exhaust 
treatment device is shaped and configured to form a particulate trap device. 

12. (Amended) A thermally-activated exhaust treatment device adapted to control exhaust 
emissions from an internal combustion compression engine, such as a diesel engine, 
comprising: 

an inner housing having a first inlet and a first outlet defining a longitudinal direction 
and having an exhaust treatment device therein chosen to reduce emissions in exhaust of a 
diesel engine as the exhaust passes from the first inlet to the first outlet; 

an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including a second inlet and a second outlet that align with the 
first inlet and the first outlet of the inner housing, the inner and outer housings including walls 
forming a sealed insulation cavity around the inner housing, the insulation cavity having a 
vacuum drawn therein; and 
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a thermal management system operably connected to the insulation cavity that is 
constructed to control heat flow from the inner housing to maximize the time the exhaust 
treatment device is within a predetermined optimum temperature operating range that includes 
a first phase change material that operates at an upper limit and a second phase change material 
that operates at a lower limit and that is in contact with but immiscible with the first phase 
change material so that the first and second phase change materials maintain distinct phase 
change characteristics from each other over a life of the treatment device. 

13. The device defined in claim 12, the predetermined optimum temperature operating 
range is between about 200 °C for the lower limit and 400 °C for the upper limit, and wherein 
the thermal management system is configured to change thermal properties of the insulation 
cavity in response to temperatures that are above and below the range of 200° to 400°C. 

14. (Amended) The device defined in claim 12, wherein the predetermined operating range 
is between about 250°C to 310°C at the lower and upper limits, respectively. 

15. The device defined in claim 12, wherein the thermal management system comprises an 
active thermal control system. 

16. The device defined in claim 15, wherein the active thermal control system includes an 
electrical circuit and an electrically heated metal hydride. 

17. The device defined in claim 15, wherein the active thermal control system includes a 
coolant actively removing heat. 
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18. The device defined in claim 12, wherein the thermal management system comprises a 
passive thermal control system. 

19. The device defined in claim 18, wherein the passive thermal control system includes 
passive air cooling fins attached to the outer housing. 

20. The device defined in claim 18, wherein the passive thermal control system includes 
passively heated metal hydride. 

21. The device defined in claim 12, wherein the exhaust treatment device includes a 
catalytic material. 

22. The device defined in claim 12, wherein the exhaust treatment device includes a 
particulate trap device. 

23. (New) The device defined in claim 1, including a salt phase change material, the metal 
and salt phase change materials being in contact with each other, but being immiscible and thus 
separate even after use of the device. 

24. (New) A thermally-activated exhaust treatment device adapted to control exhaust 
emissions in a vehicle, comprising: 

an inner housing having a first inlet and a first outlet defining a longitudinal direction 
and having an exhaust treatment device therein chosen to reduce emissions from exhaust of a 
combustion engine as the exhaust passes from the first inlet to the first outlet; 

an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including a second inlet and a second outlet that align with the 
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first inlet and the first outlet of the inner housing, the inner and outer housings including walls 
forming an insulation cavity around the inner housing; and 

an intermediate housing positioned adjacent to the inner housing that includes metal 
phase change material comprising an alloy including Zinc (Zn), Magnesium (Mg), and 
Aluminum (Al), wherein the metal phase change material includes by weight about 35% to 
55% Zn by weight, about 35-55% Mg by weight, about 2% -20% Al by weight, and about 0- 
15% Si by weight. 

25. (New) The device defined in claim 24, including a salt phase change material, the metal 
and salt phase change materials being in contact with each other, but being immiscible and thus 
separate even after use of the device. 

26. (New) A thermally-activated exhaust treatment device adapted to control exhaust 
emissions from an internal combustion compression engine, such as a diesel engine, 
comprising: 

an inner housing having a first inlet and a first outlet defining a longitudinal direction 
and having an exhaust treatment device therein chosen to reduce emissions in exhaust of a 
diesel engine as the exhaust passes from the first inlet to the first outlet; 

an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including a second inlet and a second outlet that align with the 
first inlet and the first outlet of the inner housing, the inner and outer housings including walls 
forming an insulation cavity around the inner housing; and 

a thermal management system operably connected to the insulation cavity that is 
constructed to control heat flow from the inner housing to maximize the time the exhaust 
treatment device is within a predetermined optimum temperature operating range that includes 
a first phase change material that operates at an upper limit and a second phase change material 
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that operates at a lower limit and that is in contact with but immiscible with the first phase 
change material so that the first and second phase change materials maintain distinct phase 
change characteristics from each other over a life of the treatment device. 
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REMARKS 

By this Preliminary Amendment, Applicants have canceled claims 2 and 3, and 
amended claims 8, 11, 12, and 14. 

Claims 1,4-5, and 9-10 were indicated to be allowable in the parent PCT application. 
Claim 23 is dependent on claim 1. Accordingly, claims 1, 4-5, 9-10 and 23 are believed to be 
in condition for allowance. 

Claim 24 is similar to claim 1, but deletes the word "vacuum" and the word "sealed" 
and related phrases in claim 24. Claim 25 is dependent on claim 24 and further adds as a 
claim element a salt phase change material in combination with the metal phase change 
material defined in claim 24. The prior art does not disclose or suggest a metal phase change 
material as defined in claim 24, nor a salt phase change material combined with a metal phase 
change material as defined in claim 25. Accordingly, claims 24 and 25 are in condition for 
allowance. 

Claim 12 was rejected in the PCT prosecution as being unpatentable over the NREL 
Technology Brief ("keeping the heat on cold-start emissions") in view of Benson patent 
5,477,676, and Benson 4,572,864. This rejection is respectfully traversed for the following 
reasons. 

In order to render a claimed invention unpatentable, the art must reasonably teach or 
suggest the claimed invention. In other words, the claimed invention cannot be used as a 
template to piece together teachings of the prior art. In Re Fritch, 23 USPQ2d 1780 (Fed. Cir. 
1992). 

Claim 12 defines a thermally-activated exhaust treatment device including, among other 
things, an inner housing, an outer housing, and a thermal management system operably 
connected to an insulation cavity between the inner and outer housings, the thermal 
management system including a first phase change material that operates at an upper limit and 
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a second phase change material that operates at a lower limit and that is in contact with but 
immiscible with the first phase change material so that the first and second phase change 
materials maintain distinct phase change characteristics from each other over a life of the 
treatment device. In the PCT prosecution, the Examiner took the position that the NREL 
Technology Brief discloses that both types of phase change materials are known and the PCMs 
are selected to be compatible with the converter operating temperature (citing column 3, page 
2, of the brief). The Examiner admits that the NREL Technology Brief "is silent as to whether 
the PCMs may be the combination of both types as claimed" . (See the International 
Preliminary Examination Report, section 5, subsection 2, subparagraph "2"). The Examiner 
cites Benson as providing using a combination of PCMs together. However, Applicant does 
not read either Benson patent as disclosing or suggesting using two different PCMs together. 
Instead, Benson 4,572,864 discloses using composite materials for energy storage including 
"particulate and/or fibrous additions can be introduced into molten phase change materials 
which can then be cast into various shapes. After the phase change materials have solidified, 
the additions will remain disbursed throughout the matrix of cast solid. The polyol is in 
contact with at least one material selected from the group consisting of metals, carbon 
siliceous, plastic, cellulosic, natural fiber, artificial fiber, concrete, gypsum, and mixtures 
thereof. " (See the abstract of Benson '864, last nine lines.) As best understood, Benson '864 
is describing mixing a material that does not change phase as a filler into phase change 
material. However, no place does Benson disclose mixing a salt phase change material with a 
metal phase change material. It is true that one of the fillers in Benson '864 can be a metal, 
however, this is totally different than a metal phase change material. There is no teaching in 
Benson '864 to use a metal phase change material in combination with a salt phase change 
material. Nor is there any reason within Benson to do so, since Benson does not disclose any 
reason to provide a phase change material composition that is active at two different 
temperatures. Benson 5,477,676 does not disclose or suggest the information missing from 
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Benson 4,572,864. Specifically, Benson '676 focuses on a light-off temperature TLand an 
operating temperature Tr. No place does Benson '676 disclose or suggest the need for 
providing phase change material composition that is operable at upper and lower temperature 
limits. Instead, the focus of Benson '676 is on maintaining a minimum critical temperature for 
light-off of the active catalytic material within his exhaust system. 

The Examiner is requested to specifically address the following question: "Why would 
a person of ordinary skill in the art at the time of the present invention include two different 
phase change materials active at two different operating temperatures?" Further, the Examiner 
is requested to provide some teaching in the art that would suggest using a salt phase change 
material in combination with a metal phase change material to take advantage of the 
immiscibility of these two materials. 

Claims 13-22 are dependent on claim 12 and are allowable for the reason that claim 12 
is allowable as discussed above. Further, these claims define non-obvious combinations with 
the subject matter of claim 12. 

Claim 26 is similar to claim 12, with the exception that the word "vacuum" and the 
word "sealed" and associated language has been removed from claim 26. The prior art does 
not disclose or suggest providing an exhaust treatment device having inner and outer housings 
with an insulation cavity therebetween and providing first and second phase change materials 
that operated at different limits and that maintain distinct phase change characteristics from 
each other over a life of the treatment device. Accordingly, claim 26 is also allowable for 
reasons similar to those given for claim 12. 

Consideration on the merits is respectfully requested and a Notice of Allowability 
earnestly solicited. 
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Attached hereto is a marked-up version of the changes made to the claims by the 
current amendment. The attached page is captioned " Version with markings to show 
changes made ." 

Respectfully submitted, 
JOHN P. BIEL, JR. ET AL. 

By: Price, Heneveld, Cooper, 
DeWitt & Litton 

Daniel L. Girdwood 
Registration No. 34 827 
695 Kenmoor, SE 
Post Office Box 2567 
Grand Rapids, Michigan 4950L2567 
616/949-9610 




DLG/dlc 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

Claims 2 and 3 have been canceled. 

Claims 8, 11, 12, and 14 have been amended as follows: 

1 . A thermally-activated exhaust treatment device adapted to control exhaust emissions in 
a vehicle, comprising: 

an inner housing having a first inlet and a first outlet defining a longitudinal direction 
and having an exhaust treatment device therein chosen to reduce emissions from exhaust of a 
combustion engine as the exhaust passes from the first inlet to the first outlet; 

an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including a second inlet and a second outlet that align with the 
first inlet and the first outlet of the inner housing, the inner and outer housings including walls 
forming a sealed insulation cavity around the inner housing, the insulation cavity having a 
vacuum drawn therein; and 

an intermediate housing positioned adjacent to the inner housing that includes metal 
phase change material comprising an alloy including Zinc (Zn), Magnesium (Mg), and 
Aluminum (Al), wherein the metal phase change material includes by weight about 35% to 
55% Zn by weight, about 35-55% Mg by weight, about 2% -20% Al by weight, and about 0- 
15% Si by weight. 

2. Canceled 



3. Canceled 
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4. The device defined in claim 1 , wherein the metal phase change material has a eutectic 
temperature in a range of about 339° to 350°. 

5 . The device defined in claim 4, wherein the metal phase change material has a eutectic 
temperature of about 340°. 

6. The device defined in claim 8, wherein the metal phase change material has a eutectic 
temperature in a range of about 339° to 350 °C. 

7. The device defined in claim 6, wherein the metal phase change material has a eutectic 
temperature of about 340 °C. 

8. (Amended) [A thermally-activated exhaust treatment device adapted to control exhaust 
emissions in a vehicle, comprising: 

an inner housing having a first inlet and a first outlet defining a longitudinal direction 
and having an exhaust treatment device therein chosen to reduce emissions from exhaust of a 
combustion engine as the exhaust passes from the first inlet to the first outlet; 

an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including a second inlet and a second outlet that align with the 
first inlet and the first outlet of the inner housing, the inner and outer housings including walls 
forming a sealed insulation cavity around the inner housing, the insulation cavity having a 
vacuum drawn therein; and 

an intermediate housing positioned adjacent to the inner housing that includes] The 
device defined in claim 12 wherein the first nhase change material comprises metal phase 
change material and the second phase change material comprises salt phase change material 
[along with the metal phase change material]. 
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9. The device defined in claim 1, wherein the metal phase change material has an 
expansion upon undergoing a phase change of less than about 8% volume increase. 

10. The device defined in claim 1 , wherein the exhaust treatment device includes a catalytic 
material. 

11. (Amended) [A thermally-activated exhaust treatment device adapted to control exhaust 
emissions in a vehicle, comprising: 

an inner housing having a first inlet and a first outlet defining a longitudinal direction 
and having an exhaust treatment device therein chosen to reduce emissions from exhaust of a 
combustion engine as the exhaust passes from the first inlet to the first outlet; 

an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including a second inlet and a second outlet that align with the 
first inlet and the first outlet of the inner housing, the inner and outer housings including walls 
forming a sealed insulation cavity around the inner housing, the insulation cavity having a 
vacuum drawn therein; and 

an intermediate housing positioned adjacent to the inner housing that includes metal 
phase change material and salt phase change material,] The device defined in claim 12, 
wherein the inner housing of the exhaust treatment device is shaped and configured to form a 
particulate trap device. 

12. (Amended) A thermally-activated exhaust treatment device adapted to control exhaust 
emissions from an internal combustion compression engine, such as a diesel engine, 
comprising: 
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an inner housing having a first inlet and a first outlet defining a longitudinal direction 
and having an exhaust treatment device therein chosen to reduce emissions in exhaust of a 
diesel engine as the exhaust passes from the first inlet to the first outlet; 

an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including a second inlet and a second outlet that align with the 
first inlet and the first outlet of the inner housing, the inner and outer housings including walls 
forming a sealed insulation cavity around the inner housing, the insulation cavity having a 
vacuum drawn therein; and 

a thermal management system operably connected to the insulation cavity that is 
constructed to control heat flow from the inner housing to maximize the time the exhaust 
treatment device is within a predetermined optimum temperature operating range that includes 
a first phase change material that operates at an upper limit and a second phase change material 
that operates at a lower limit and that is in contact with but immiscible with the first phase 
change material so that the first and second phase change materials ma intain distinct phase 
change characteristics from each other over a life of the treatment device . 

13. The device defined in claim 12, the predetermined optimum temperature operating 
range is between about 200 °C for the lower limit and 400 °C for the upper limit, and wherein 
the thermal management system is configured to change thermal properties of the insulation 
cavity in response to temperatures that are above and below the range of 200° to 400 °C. 

14. (Amended) [A thermally-activated exhaust treatment device adapted to control exhaust 
emissions from a diesel engine, comprising: 

an inner housing having a first inlet and a first outlet defining a longitudinal direction 
and having an exhaust treatment device therein chosen to reduce emissions in exhaust of a 
diesel engine as the exhaust passes from the first inlet to the first outlet;] The device defined in 
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claim 12. wherein the predetermined operating range is between about 250°C to 310°C at the 
lower and upper limits, respectively. 

15. The device defined in claim 12, wherein the thermal management system comprises an 
active thermal control system. 

16. The device defined in claim 15, wherein the active thermal control system includes an 
electrical circuit and an electrically heated metal hydride. 

17. The device defined in claim 15, wherein the active thermal control system includes a 
coolant actively removing heat. 

18. The device defined in claim 12, wherein the thermal management system comprises a 
passive thermal control system. 

19. The device defined in claim 18, wherein the passive thermal control system includes 
passive air cooling fins attached to the outer housing. 

20. The device defined in claim 18, wherein the passive thermal control system includes 
passively heated metal hydride. 

21. The device defined in claim 12, wherein the exhaust treatment device includes a 
catalytic material. 

22. The device defined in claim 12, wherein the exhaust treatment device includes a 
particulate trap device. 
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23. (New) The device defined in claim 1 . including a salt phase change material the meta l 
and salt phase change materials being in contact w ith each other, but being immiscible even 
after use of the device. 

24. (New) A thermally-activated exhaust treatment device adapted to control exhaust 
emissions in a vehicle, comprising: 

an inner housi n g having a first inlet and a first outlet defin in g a longitudinal direction 
and having an exhaust treatment device therein ch osen to reduce emissions from exhaust of a 
combustion engine as the exhaust passes from the first inlet to the first outlet: 

an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing inclu din g a secon d inlet and a second outlet that align with the 
first inlet and the first outlet of the inner housing, the inner and outer housings includin g walls 
forming an insulation cavity around the inner housing: and 

an intermediate housing positioned adjacent to the inner ho using that includes metal 
phase change material comprising an alloy including Zinc (Zn). Magnesium (Me), and 
Aluminum (Al). wherein the metal ph ase change material includes by weight about 35% to 
55% Zn by weight, about 35-55% Mg by weight, about 2%-2 0% Al by weight, and about 0- 
15% Si by wei g ht. 

25. (New) The device defined in claim 24. including a salt phase chan ge material, the metal 
and salt phase change materials being in contact with each other, but being immiscible even 
after use of the device. 



26. (New) A thermally-activated exhaust treatme nt device adapted to control exhaust 
emissions from an internal combustion compression engine, such as a diesel engine, 
comprising : 
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an inner housing having a first inlet and a first outlet defining a longitudinal direction 
and having an exhaust treatment device therein ch osen to reduce emissions in exhaust of a 
diesel engine as the exhaust passes from the first inlet to the first outlet: 

an outer housing enclosing the inner housing but characteristica lly not contacting the 
inner housing, the outer housing including a second inlet a nd a second outlet that align with the 
first inlet and the first outlet of the inner housing, the inner and outer housings including wal ls 
formin g an insulation cavity around the inner housing: and 

a thermal management system operably connected t o the insulation cavity that is 
constructed to control heat flow from the inner housing to maximize the time the exhaust 
treatment device is within a predetermined opt imum temperature operating range that includes 
a first phase change material that operates at an upper limit and a second phase change material 
that operates at a lower limit and that is in contact with but immiscible with the first phase 
change material so that the first and second phase change materials maintain distinct phase 
change characteristics from each other over a life of th e treatment device. 
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VACUUM-INSULATED EXHAUST TREATMENTDEVICE WITH PHASE 
CHANGE MATeISaLS AND TjjjjMAL MANAGEMENT SYSTEMS 
' BACKGROUND OF THE INVENTION 

The present apparatus relates to automotive exhaust systems, and more 
5 particularly relates to catalytic converters and particulate traps that are vacuum insulated 

and that have phase change materials to assist in retention of heat and further that are 
adapted to treat emissions, such as are found in gasoline engine exhaust and diesel 
engine exhaust. 

Most vehicle exhaust systems and particularly exhaust systems of vehicles 
10 powered by internal combustion engines are equipped with engine exhaust treatment 

systems for reducing noxious emissions in exhaust gases. Engine exhaust treatment 
systems consist primarily of a catalytic converter which converts toxic exhaust emissions 
to non-toxic gases. The oxidative and reductive reactions that convert the emissions 
occur on the hot catalytically active surface of the converter. A problem exists in that a 
15 large part of tailpipe hydrocarbon emissions occur during the initial cold start phase 

when the catalytic converter is least effective. Until the converter is heated to a 
sufficiently high temperature, these reactions do not occur efficiently and exhaust gases 
pass through the system untreated. EPA estimates indicate that as much as 80% of all 
automobile commuter exhaust emissions occur during the so-called "cold start" period 
20 when the catalytic converter is heating up to operational temperature. Where there are 

oxides of nitrogen that must be reduced, such as in exhaust from diesel engines, there is 
an upper and lower operating range for optimal operation of the catalytic materials. 

A vacuum-insulated catalytic converter with included thermal energy storage 
improves the efficiency of engine exhaust emissions treatment by remaining hot long 
25 after the engine is shut off. If the engine is not shut off for too long, the still hot and 

catalytically active converter is immediately effective the next time the engine is used 
and avoids the "cold start" emission of untreated exhaust gases. However, passive 
thermal energy storage systems have problems. In passive thermal energy storage 
systems, the thermal energy storage material is well connected thermally to the catalytic 
30 converter so that heat will readily flow from the thermal energy storage material to the 

catalytic converter when it requires heat. But when the converter has sat for a long time 
and the thermal energy storage material has cooled, this close coupling will draw heat 
from the hot exhaust gas stream and from the catalyst until the thermal energy storage 
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material itself is heated to a high temperature. This will require some additional time 
during which untreated exhaust gases will be emitted. Thus, while the above-discussed 
design is effective in reducing "cold start" emissions when it is hot, it actually 
exacerbates the "cold start" problem whenever the converter has been allowed to cool. 
Notably, no matter how effectively the converter stores heat, there will be times when it 
has cooled and will suffer from some degree of "cold start" emissions. 

At least one prior design converter utilized a salt Phase Change Material (PCM) 
for thermal energy storage. There are some fundamental problems in using a salt PCM. 
One problem is that the thermal conductivity of a salt is relatively low, resulting in 
extended vehicle driving times to fully melt the PCM and realize the full heat storage of 
the PCM. Another problem is the large thermal expansion of most salts from ambient 
temperature to elevated temperatures typical of an auto exhaust. This expansion can be 
as high as 30% which results in inefficient packaging since allowance must be made in 
the PCM container for this expansion. This is undesirable since the area under a vehicle 
is very confined and at a premium, particularly as vehicles are built to ride closer and 
closer to the road surface. 

It is also known to actively manage a vacuum environment in a catalytic 
converter. For example, see Benson 5,477,676. However, the electrically heated and 
controlled hydrogen source disclosed in Benson 5,477,676 to prevent the converter from 
overheating requires complex and expensive wiring to the catalytic converter. This 
wiring and control system also adds to the vulnerability of the exhaust system to failure 
and increases the risk of a warranty liability or expensive model recall action by the 
manufacturer. This can be a serious problem, particularly given the severe 
environments that exhaust systems are subjected to. 

Thermally-activated exhaust treatment devices also include particulate traps for 
capturing and treating particulate emissions, such as carbon particles and soot from 
diesel engines. Particulate traps work best at elevated temperature. Particulate traps are 
least effective at cold starts, which is when the problem of carbon particulate emissions 
and creation of soot is the greatest in diesel engines. Accordingly there are significant 
advantages to be achieved in particulate traps by vacuum insulating them to conserve and 
hold their temperatures longer upon engine shut off. 

Accordingly, an exhaust treatment device is desired solving the aforementioned 
problems and offering the aforementioned advantages. 
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SUMMARY OF THE INVENTION 
In one aspect of the present invention, a thermally-activated exhaust treatment 
device is provided, such as a catalytic converter adapted to control exhaust emissions in 
a vehicle. The exhaust treatment device includes an inner housing having a first inlet 
and a first outlet defining a longitudinal direction and having an exhaust treatment device 
therein chosen to reduce undesirable emissions from exhaust of a combustion engine as 
the exhaust passes from the first inlet to the first outlet. The device further includes an 
outer housing enclosing the inner housing but characteristically not contacting the inner 
housing. The outer housing includes a second inlet and a second outlet that aligns with 
the first inlet and the first outlet of the inner housing. The inner and outer housings 
includes walls forming a sealed insulation cavity around the inner housing, with the 
insulation cavity having a vacuum drawn therein. An intermediate housing is positioned 
adjacent to the inner housing that includes metal phase change material. 

In another aspect of the present invention, a thermally-activated exhaust treatment 
device is provided, such as a catalytic converter adapted to control exhaust emissions 
from a diesel engine. The device includes an inner housing having a first inlet and a 
first outlet defining a longitudinal direction and having an exhaust treatment device 
therein chosen to reduce undesirable emissions in exhaust of a diesel engine as the 
exhaust passes from the first inlet to the first outlet. The device further includes an 
outer housing enclosing the inner housing but characteristically not contacting the inner 
housing. The outer housing includes a second inlet and a second outlet that aligns with 
the first inlet and the first outlet of the inner housing. The inner and outer housings 
include walls forming a sealed insulation cavity around the inner housing, with the 
insulation cavity having a vacuum drawn therein. A thermal management system is 
operably connected to the insulation cavity that is constructed to control heat flow from 
the inner housing to maximize the time the catalytic material is within a predetermined 
optimum temperature operating range that includes an upper limit and a lower limit. 

These and other feature, advantages, and objects of the present invention will be 
further understood and appreciated by those skilled in the art by reference to the 
following specification, claims, and appended drawings. 
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DESCRIPTION OF DRAWINGS 
Fig. 1 is a side cross-sectional view of a catalytic converter embodying the 
present invention; 

Fig. 2 is a side cross-sectional view of a modified catalytic converter similar to 
Fig. 1, but including an active thermal management system including an electrically 
heated metal hydride and an active heat removal system with coolant; 

Fig. 3 is a side cross-sectional view of a modified catalytic converter similar to 
Fig. 1, but including a passive thermal management system including a temperature- 
activated passive metal hydride and a passive cooling fins; 

Fig. 4 is a graph showing percent conversion of NOx emissions in diesel exhaust 
versus converter temperature; 

Fig. 5 is a side cross-sectional view of a modified catalytic converter having a 
modified end support system that facilitates manufacture; 

Fig. 6 is an enlarged fragmentary view of a modified end construction similar to 
the end construction shown in Fig 5; 

Fig. 7 is an exploded view of Fig. 6; and 

Fig. 8 is a side schematic view of a particulate trap used for trapping soot from a 
diesel exhaust. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
The illustrated catalytic converter 20 (Fig. 1) is a vacuum-insulated converter 
having an inner housing 21 positioned within and insulated from an outer housing 22. 
Expansion joints 23 and 24 are provided at each end of the inner housing 21, and 
supports 25 and 25' are provided to support the inner housing 21 within the outer 
housing 22 while maintaining a cavity 26 forming a relatively constant gap around the 
inner housing 21. A sufficient vacuum is drawn on the cavity 26 so as to minimize heat 
loss from air conduction and convection. The supports 25 and 25' within the converter 
design are particularly configured to accommodate longitudinal thermal expansion of the 
hot inner housing 21 relative to the cool outer housing 22. The internal supports 25 and 
25' bridge the vacuum insulation and are sufficiently stiff to accommodate dynamic 
(vibration and impact) loads at temperature, yet are flexible enough to accommodate 
unequal thermal expansion of the inner and outer housings 21 and 22, and further are of 
minimal cross-sectional size and rninimal conductance to niinimize heat loss. 
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More specifically, the inner housing 21 is preferably fabricated of metal or other 
material that is impermeable to gases, and is adapted to contain one or more catalyst 
substrates 27 and 27'. Exhaust gases from an internal combustion engine flow through 
the catalytic converter 20, as indicated by the arrows 28, including through the 
numerous small, catalyst-coated pores or channels that are formed in the catalytic 
substrates 27 and 27'. The inner housing 21 is enclosed within the outer housing 22, 
and its sidewall 30 is spaced radially inwardly from the sidewall 31 of the outer housing 
with the supports 25 and 25' supporting it to maintain a relatively constant gap. The 
outer housing 22 is also preferably fabricated of metal or other material that is 
impermeable to gases, even in hot and high-order vacuum environments. The annular 
space 26 formed between the inner and outer housings 21 and 22 is evacuated to form a 
sufficient vacuum. The insulating performance of the annular space 26 is variably 
controlled by a temperature sensitive hydrogen source device 32 that includes a hydride 
material, and the vacuum is maintained by a separate vacuum maintenance device 32' 
that includes a getter material, as discussed below. 

A funnel-shaped inner inlet end cone 33 is attached to the inlet end of the 
sidewall 30 of the inner housing 21, and a funnel-shaped outer inlet end cone 34 is 
attached to inlet end of the sidewall 31 of the outer housing 22. An inlet subassembly 35 
includes an inlet tube section 36 attached to the open end of the outer inlet end cone 34, 
and an inlet tube section 37 attached to the open end of the inner inlet end cone 33. A 
bellows 38 is attached between the inner and outer inlet tube sections 36 and 37, the 
bellows 38 being configured to allow dissimilar longitudinal thermal expansion of the 
inner and outer housings 21 and 22. An end of the inlet tube section 36 projects from 
the outer inlet end cone 34, and an annular attachment flange 39 is secured to the inlet 
tube section 36 for attaching the catalytic converter 20 to an engine exhaust pipe. The 
illustrated supports 25 extend from the outer inlet end cone 34 to the inner inlet end cone 
33 at a plurality of circumferentially spaced positions. The supports 25 include a spokes 
40 and hub and rim flanges 41 and 42 that abut and are joined to the inner and outer 
inlet end cones 33 and 34. 

A funnel-shaped inner outlet end cone 43 is attached to the outlet end of the 
sidewall 30 of the inner housing 21, and a funnel-shaped outer outlet end cone 44 is 
attached to the outlet end of the sidewall 31 of the outer housing 22. An outlet 
subassembly 45 includes an outlet tube section 46 attached to the open end of the outer 
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outlet end cone 44, and an outlet tube section 47 attached to the open end of the inner 
outlet end cone 43. A bellows 48 is attached between the inner and outer outlet tube 
sections 46 and 47, the bellows 48 being configured to allow dissimilar longitudinal 
thermal expansion of the inner and outer housings 21 and 22. An end of the outlet tube 
section 46 projects from the outer outlet end cone 44. It includes a tube 49' shaped to 
form an annular space 49" for holding getter and/or hydride material. An annular 
attachment flange 49 is secured to the outlet tube section 46 for attaching the catalytic 
converter 20 to an engine manifold exhaust pipe. The illustrated supports 25' extend 
from the outer outlet end cone 44 to the inner outlet end cone 43 at a plurality of 
circumferentially spaced positions. The supports 25' include a spokes 50, a hub flange 
51, and a rim flange 52 that abut and are welded to the inner and outer inlet end cones 
43 and 44. The illustrated reinforcement tube 49' and outlet tube section 46 are fixed 
together. The hydride material recaptures hydrogen from the insulating cavity 26 when 
the catalytic converter 20 is at a low temperature to increase the insulating effect of the 
vacuum at low temperature (which helps the catalytic converter reach its operating 
temperature more quickly) and releases hydrogen to increase conductivity when the 
catalytic converter 20 is at a high temperature (to prevent over-heating). The getter 
material removes gases from the cavity 26, and helps maintain the high order vacuum in 
the cavity 26 for a longer service life. It is noted that many different getter/hydride 
arrangements and structures are possible, as shown in provisional application serial no. 
60/116,829, previously incorporated by reference. 

End shields 56 and 57 are placed in the inlet and outlet outer tube sections 36 and 
46, respectively, adjacent an outer end of the bellows 38 and 48. The end shields 56 and 
57 include a plurality of holes 58 that reduce turbulence in the flow of exhaust gases 
through the catalytic converter 20, and also the end shields 56 and 57 slow convection 
heat transfer and help retain the heat within the catalytic converter 20 when the flow of 
exhaust stops. Further the end shields 56 and 57 may include catalytic material 
themselves if desired. 

A phase-change-material (PCM)-containing intermediate housing 60 including 
annular end walls 62 is attached to the sidewail of the inner housing 21 in the cavity 26, 
and forms a sealed separate chamber around the inner housing 22. Phase change 
material 61 is placed in the chamber of housing 60. The phase change material 61 is 
formulated to change its phase and absorb thermal energy during the heat-up period for 
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the catalytic converter, and further is configured to release heat during cool-down of the 
catalytic converter 20. The result is that the phase change material 61 causes the inner 
housing 21 and catalytic materials 27 and 27' to reach their "light off" temperatures 
much more quickly. Once the catalytic materials reach the "light off" temperature 
(usually about 315 to 430 degrees C), the temperature of the catalytic converter 20 raises 
rapidly to its operating temperature from the exothermic heat of the catalytic reactions 
with the exhaust gases. 

The outer inlet end cone 34 forms an angle to a longitudinal direction, and the 
inner inlet end cone 33 forms an angle to the longitudinal direction 63, with both the 
outer and inner inlet end cones opening up as the exhaust gases flow into the catalytic 
converter 20. The spokes 40 of the illustrated supports 25 at the inlet end extend at an 
angle of about 45 degrees from the longitudinal direction 63, such that they interconnect 
the cones 33 and 34. The bodies 50 of the illustrated supports 25' at the outlet end 
extend at an angle of about 45 degrees from the longitudinal direction 63, but they 
extend in an opposite direction to the cones 43 and 44 such that they interconnect the 
cones 43 and 44. The bodies 40 and 50 of the supports 25 form spokes that are 
circumferentially spaced around the bellows 38 and 48, and there are sufficient bodies 
40 and 50 such that the inner housing 21 is stably supported within the outer housing 22 
for non-contacting concentric support. The appearance in end view is much like a 
spoked wheel. The combination of the spoke-iike bodies 40 with the cones 33 and 34 at 
the inlet end, and the spoke-like bodies 50 with the cones 43 and 44 at the outlet end, 
form a support structure capable of maintaining support on the inner housing 21 while 
still accommodating the different thermal expansion of the inner housing 21 relative to 
the outer housing 22 (particularly in a longitudinal direction). As illustrated, the spoke- 
like bodies 40 at the inlet end are longer than the spoke-like bodies 50 at the outlet end. 
A scope of the present invention is believed to include both configurations, and 
variations thereof. 

When the catalytic converter 20 is in a cooled state and the exhaust gases begin 
to flow (i.e. when the engine is started), the inner and outer housings 21 and 22 will 
gradually heat, with the inner housing 21 heating much sooner and faster. As it heats, 
the inner housing 21 will lengthen by several millimeters ahead of the outer housing 22. 
The outer housing 22 also heats, but at a slower rate and with a delayed time period and 
also to a lower highest temperature. This causes longitudinally directed stress to occur 
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on the supports 25 and 25'. The curvature of attachment flanges 41 and 51 to the bodies 
40 and 50, respectively, and their general shape and angular attachment cause the bodies 
40 and 50 to bend into a curvilinear/ concave shape, and causes them to do so 
simultaneously and predictably as the inner and outer housings 21 and 22 undergo 
different thermal expansions. The pressure of supports 25 and 25' can also cause the 
outlet end cones 43 and 44 to bow slightly apart from each other, depending on the 
strength of the supports 25 and 25'. By this predictable bending, the cavity 26 is reliably 
maintained around the inner housing 21 such that it does not contact the outer housing 
22. The illustrated arrangement of Fig. 1 including supports 25 and 25' works well in 
some applications, but it is noted that the constructions of Figs. 5-7 are considered more 
reliable. 

The cross-sectional shape of the supports 25 and 25' is made sufficient to provide 
the functional strength required to hold the inner housing 21 in its isolated position 
within the outer housing 22, but the cross-sectional shape is minimized to reduce heat 
transfer along the supports 25 and 25'. The cross-sectional shape of the supports 25 and 
25' vary greatly depending upon a weight of the inner housing 21 and components 
therein, depending upon loading (vibrational and impact) test requirements of the vehicle 
manufacturer, and depending upon test results and fine-tuning of the exhaust system on a 
given model vehicle. For example, the spokes can be made from 1.5 mm thick by 4.0 
mm wide stainless steel material (such as Inconel material) where at least three or more 
supports 25 (and 25') are used circumferentially around the inlet and outlets of the 
catalytic converter 20. 

NEW PHASE CHANGE MATERIALS (PCM) FOR USE IN CATALYTIC 
CONVERTERS 

The present disclosed arrangements use phase change materials (PCMs) to 
efficiently store heat in the catalytic converter. PCMs include large latent heat of fusion 
or heat of vaporization characteristics. By utilizing a PCM, a material-latent heat of 
fusion can substantially increase the heat released, such as by 33 to 50%. 

A low melting point metal PCM with a high heat storage has been developed for 
use in catalytic converters of gasoline-fueled internal combustion engines. The metal 
PCM material is placed in the intermediate housing 60 in a position adjacent the inner 
housing 21 (or inner housing 21A of Fig. 2, or inner housing 21B of Fig. 3). The 
present novel metal PCM has greatly improved characteristics compared to salt PCMs. 
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Metals have greater than 50 times the thermal conductivity of a salt, allowing them to 
absorb heat faster. Also, the thermal expansion of the metal PCM up to a typical 
exhaust temperature is in the 5-8% range, which is considerably below the expansion of 
salt. To effectively use metals in a catalytic converter, the melting point should be 
below 400C and have a high heat of fusion. Most low melting point metals have a low 
heat of fusion and additionally are heavy and commonly toxic. However, the present 
invention includes a novel metal PCM containing Zinc (Zn), Magnesium (Mg), 
Aluminum (Al), and Silicon (Si). All four elements used are light, non-toxic, 
recyclable, and inexpensive materials. The proper combination of these elements results 
in a low melting point material with a high heat of fusion. The typical ranges for the 
elements in the PCM are Zn (35-55%), Mg (35-55%), Al (2-20%), Si (0-15%). The 
melting point range is preferably about 339-350°C, and most preferably at about the 
eutectic temperature of about 340°C. This PCM was developed to match a typical light- 
off temperature for an automotive three-way catalyst, such as is commonly used in 
catalytic converters of modern passenger vehicles. Also, this metal PCM was selected 
specifically for its properties of better thermal conductance and lower thermal expansion 
compared to salt PCMs. 

A low melting point salt PCM with a relatively good heat storage has been 
developed for use in catalytic converters of diesel internal combustion engines, such as 
are often used in trucks and tractors. The salt PCM material can be placed in the 
intermediate housing 60 in a position adjacent the inner housing 21 (or inner housing 
21 A of Fig. 2, or inner housing 2 IB of Fig. 3). The salt PCM comprises a Lithium 
Nitrate (LiNCb) material. The melting point of this salt is about 250 degrees C, which is 
the optimal operating temperature for catalytic converters intended for Oxides of 
Nitrogen (NO*) emissions, a pollutant found in diesel engine exhaust. 

It is noted that by using two different PCM materials, the upper and lower 
bounds of a desired temperature range can be thermally managed. Specifically, Fig. 4 
shows that it is desirable to maintain the temperature range for Lean NOx converters 
(discussed below) in the temperature range of about 250 degrees C to about 310 degrees 
C. It is conceived that two PCMs could be used, one having a melt point at 250 degrees 
C and the other having a melt point at 310 degrees C. Thus, when an operating 
temperature began to vary from a temperature within the desired operating range to a 
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temperature out of the range, one of the PCM materials would change phase to keep the 
operating temperature in the desired range. 

THERMAL MANAGEMENT OF LEAN NOx 
AUTOMOTIVE CATALYTIC CONVERTERS 
Unlike known automotive catalytic converters, new converters are being 
developed, primarily for diesel engines, that are effective at reducing oxides of nitrogen 
(NOx) to N2 under fuel-lean (oxygen-rich) conditions. These "lean NOx" converters 
have unique and relatively narrow operating temperature requirements (see attached 
Figure 4). Specifically, the operating temperature range is about 200 degrees C to about 
400 degrees C (which produces a percent conversion of NOx emissions of about 40% or 
above), and more preferably from about 250 degrees C to about 310 degrees C (which 
produces a percent conversion of NOx emissions of about 60% or above). To promote 
optimum efficiency of lean NOx converters, a catalytic converter thermal management 
system has been developed that incorporates vacuum insulation and phase change heat 
storage. The thermal conductivity of the vacuum insulation can be actively or passively 
controlled to allow or restrict heat flow from the converter, maximizing the time the 
converter is within its optimum temperature operating range. 

Two additional catalytic converters are disclosed below. In order to reduce 
redundant discussion, similar and identical features and components of each successive 
modification are identified with the same identification numbers as in the earlier 
described embodiment, but with the addition of a letter, such as "A" and "B". 

The catalytic converter 20A (Fig. 2) includes an active thermal management 
system operably connected to the insulation cavity. The active thermal management 
system controls the heat flow from the inner housing 21 A and catalytic material 27A and 
27A' by controlling the amount of hydrogen in the vacuum insulated cavity 26A, and 
further by controlling active heat removal from the outer housing 22A via coolant. An 
electrical circuit 90A including wires 91 A, 92A, and 93A that extend between a heater 
94A, a source of energy 95A and a switch 96A. The switch 96A is controlled by 
operative connection to a microprocessor controller 97A on the vehicle. A hydride- 
filled chamber 98A is positioned on outer housing 22A and is in communication with the 
vacuum insulation cavity 26A. A sensor 99A on the catalytic converter 20A is 
connected to the controller 97A. The controller 97A senses a temperature of the 
catalytic converter 20A via the sensor 99A and turns the heater 94A on (or off), based 
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on a program within the controller 97 A that considers the catalytic converter's 
temperature and other vehicle parameters. When the catalytic converter 20 has reached 
its "light-off" temperature or when the controller 97 A otherwise determines that a 
control action is required to increase heat loss, the heater 94A is turned "on" to cause a 
hydride material to release hydrogen into the vacuum insulation cavity 26A. This 
increases the conductivity of the insulation cavity 26A, causing the catalytic converter 
20A to throw off (shed) more heat. When the controller 97A determines that a control 
action is required to reduce heat loss, the heater 94A is turned "off", which causes the 
hydride material to reabsorb hydrogen. This reduces the conductivity of the insulation 
cavity 26A due to the loss of hydrogen in the cavity 26A. 

The active thermal management system further controls active heat removal from 
the outer housing 22A via coolant 100A that flows through a coolant jacket 101A 
attached to the outer housing 22A. This coolant 100A is connected to a heat-dissipating 
device, such as a radiator or the like. 

The catalytic converter 20B (Fig. 3) includes a passive thermal management 
system operably connected to the insulation cavity. Like the active thermal management 
system, the passive thermal management system controls the heat flow from the inner 
housing 21B and catalytic material 27B and 27B' by controlling the amount of hydrogen 
in the vacuum insulated cavity 26B, and further by controlling heat removal from the 
outer housing 22B. Hydride material is placed in a cavity 32B located between the inner 
and outer tube sections 46B and 49B\ and is retained in place by an apertured and 
porous ring-shaped retainer on the end facing the insulating cavity 26B. The hydride is 
activated by temperature, releasing hydrogen as a function of temperature of the catalytic 
converter 20B. The addition of hydrogen increases the thermal conductance of heat 
across the cavity 26B. As known in the art, the value of the thermal conductance is a 
function of the gas pressure within the cavity 26B. When the catalytic converter 20B 
temperature drops, the hydride reabsorbs hydrogen, causing the insulating cavity 26B to 
increase its insulative value. It is noted that there is a known relationship between 
hydrogen pressure and thermal conductivity, including optimal zones where the greatest 
conductivity changes take place. These are known in the art (and are publicly available) 
such that they need not be disclosed herein for an understanding of the present invention. 

Additional passive thermal management can be done by including longitudinally- 
extending air-cooling fins 103B that lose increasing amounts of heat as the temperature 



WO 00/43103 



PCT/US00/01473 



of the outer housing 22B increases. The fins 103B can be different designs and 
locations, but their base preferably is well-connected to the outer housing for good heat 
conductance. 

MODIFIED CATALYTIC CONVERTER STRUCTURE 
A modified catalytic converter 20HH (Fig. 5) includes a support 25HH at its inlet 
end having an inner ring flange or hub 51HH, an outer ring flange or rim 52HH, and 
spokes 50HH connecting the hub 51HH to the rim 52HH. The outer ring flange 52HH 
has wire mesh feet ring 65HH that slidably engage the inner inlet tube section 36HH of 
the inner housing 21HH to permit relative longitudinal expansion of the inner housing 
21HH to the outer housing 22HH without undesirable distortion of components. The 
catalytic converter 20HH further includes a support 25HH' at its outlet end having an 
inner ring flange or hub 51HH, an outer ring flange or rim 52HH, and spokes 50HH 
extending between the hub 51HH and the rim 52HH. The support 25HH' at the outer 
end provides a fixed support for the inner housing 21HH, such that the resulting greater 
longitudinal expansion of the inner housing 21HH over the outer housing 22HH due to 
dissimilar thermal expansion occurs at the inlet end. 

An end construction 90HH at the outlet end is particularly constructed to 
facilitate manufacture of the catalytic converter 20HH and to maintain a very good 
thermal barrier. The end construction 90HH includes a cylindrical wall extension 91HH 
that sealingly engages and is welded to the wall 31HH of the outer housing 22HH. The 
end construction 90HH further includes a separated and extended outlet tube section 
92HH that extends from bellows 48HH. The extended outlet tube section 92HH, in 
effect, replaces the inner outlet tube section (46) (Fig. 1) and serves a similar attachment 
function for connection to an exhaust pipe of the vehicle. First and second extended 
cone sections 93HH and 94HH extend from the wall extension 91HH. The cone 
sections 93HH and 94HH have ring-shaped inner ends that overlap onto each other and 
onto the wall extension 91HH to form a rigid, sealed connection to the outer housing 
22HH. The cone sections 93HH and 94HH have outer ends that are spaced apart from 
each other and that engage opposing ends of the extended outlet tube section 92HH. The 
cone sections 93HH and 94HH hold the outlet tube section 92HH in alignment with the 
bellows 48HH at an end of the bellows 48HH. The inner (i.e. second) cone section 
94HH includes spokes or vacuum communication ports/apertures permitting hydrogen 
gas to flow through the inner cone section 94HH. The first (i.e. outer) cone section 
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93HH is continuous and funnel-shaped so that the vacuum can be held in the cavity 
26HH. The combination of the spokes 50HH and the cone sections 93HH and 94HH at 
the outlet end of the catalytic converter 20HH provide a very stable and sturdy structure 
for supporting the inner housing 21HH. 

A radiation shield 72HH is provided in three sections, including a center section 
95HH that wraps around and covers the phase change material housing 60HH, and end 
sections 96HH and 97HH that wrap around and cover the inlet and outlet ends of the 
converter 20HH (including the bellows 38HH and 48HH). It is noted that the end 
sections 96HH and 97HH overlap onto longitudinal edges of the center section 95HH to 
provide maximum radiation-resisting values, yet their overlapping joindure allows the 
spokes 50HH at each end to extend out from the inner housings 21HH to the outer 
housing 22HH. The inlet end section of the catalytic converter 20HH is similar to the 
outlet end section, and its description need not be repeated in order for a person of 
ordinary skill to understand the present construction, nor for such a person to understand 
the inventive aspects thereof. 

The catalytic converter 2011 (Figs. 6 and 7) includes an outlet end section similar 
to that of catalytic converter 20HH, but the catalytic converter 2011 includes a vacuum 
maintenance device 3211' that includes getter material for maintaining a high vacuum in 
the cavity 2611. Alternatively, or at the same time, the vacuum maintenance device 3211' 
may include hydride material for passively increasing the amount of hydrogen gas within 
the cavity 2611 when the inner housing 2111 heats up. By increasing hydrogen gas at 
high temperature, the insulative value of the vacuum cavity 2611 is reduced, thus helping 
throw off and to prevent overheating of the catalytic converter 2011. By reducing 
hydrogen gas at low temperature, the insulative value of the vacuum cavity 2611 is 
increased, thus assisting in faster heat up of the catalyst in the catalytic converter 2011 
during initial engine starts. Notably, the device 3211' is positioned relatively close to the 
outlet tube 9211 such that it quickly receives and absorbs heat from hot gases passing 
through the catalytic converter 2011. These hot gases are indicative of the temperature of 
the catalyst material in the catalytic converter 2011. As a result, the device 3211' is able 
to quickly respond to actual temperature conditions of the catalytic material, which can 
be important to good operation. Notably, the device 3211' can also be positioned at the 
inlet end of the catalytic converter 2011 instead of the outlet end. 
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In order to quickly and economically achieve a high vacuum in the cavity 2611, it 
is necessary to bake the catalytic converter 2011 at high temperature so that gases and 
volatile agents are driven off. However, hydride materials, which release hydrogen at 
high temperatures, are undesirably activated to release their hydrogen at the same high 
temperatures necessary for a good bake-out. Further, after the bake-out, the cavity 2611 
must be sealed to maintain the vacuum. A problem occurs in that it is difficult to bake- 
out a cavity 2611 and then seal the cavity 2611 to maintain the high vacuum, without also 
prematurely activating the getter and hydride materials. The end construction shown in 
Fig. 6 solves this problem. 

As shown in Fig. 7, the end construction of Fig. 6 replaces the outer end cone 
(93HH) with an inner ring flange 9911, an outer ring flange 100II, and a frustoconically- 
shaped member 101II (sometimes called a "cover"). The frustoconically-shaped 
member 101II includes an "in" flange 102II and an "out" flange 103II. The inner ring 
flange 9911 is attached to an outer end of the extended outlet tube section 9211 that 
extends from bellows 4811, and flares outwardly. The outer ring flange 100II is attached 
to the cylindrical wall extension 9111 of outer housing 2211. The components of catalytic 
converter 2011 are baked off as shown in Fig. 7, with the cover member 101II held away 
from the "main" components of the catalytic converter 2011. After bake-out, the "in" 
flange 102II is shaped to engage the inner ring flange 9911 when the frustoconically- 
shaped member 101II is brought into engagement with the end of the outer housing 2211. 
The "out" flange 103II is shaped to simultaneously engage the outer ring flange 100II 
when the frustoconically-shaped member 10 III is brought into engagement with the outer 
housing 2211. This simple movement of parts in a longitudinally aligned direction is 
easily achieved, even while the parts are continuously held in the high vacuum after 
bake-out. Once the frustoconically-shaped member 101II is engaged with the outer 
housing 2211, the bake-out temperature is increased sufficiently to melt brazing material 
105II located on the "in" flange 102II to seal the "in" flange 102II to the inner ring 
flange 9911, and to melt brazing material 106II on the "out" flange 103II to seal the 
"out" flange 103II to the outer ring flange 100II. 

The hydride and/or the getter material of device 32H is located on an inside of 
the body of the frustoconically-shaped member 10 IE. Notably, the frustoconically- 
shaped member 10 III is separated from inner and outer housings 2 III and 221 of the 
catalytic converter 2011 and related components during the bake-out. By directing the 
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heat of the bake-out at the inner and outer housings 2111 and 2211 and at the related 
components of that subassembly (and by keeping the subassembly that includes the 
hydride and getter materials at a cooler lower temperature), the properties and 
characteristics of the hydride and getter material are preserved so that they are not 
wasted, (i.e. The hydrogen of the hydride is not prematurely driven off, and the gas 
sorbing capacity of the getter is not prematurely used up.) Once the bake-out is 
complete and the subassembly of the frustoconically-shaped member 101II is brought 
into engagement with the ring flanges 102H and 103H, additional heat is applied to the 
assembly that is focused to melt the brazing material 105II and 106II. It is noted that 
this additional heat may activate the getter material, but this is not a problem since the 
bake-out has already occurred and the cavity 2611 is sealed. Thus, when the getter 
material cools and become active, it merely begins doing its intended job, which is to 
absorb gas to maintain the high vacuum. It is noted that this additional heat may also 
activate the hydride material, but this is not a problem since, as noted above, the bake- 
out has already occurred and the cavity 2611 is sealed. Thus the hydride material merely 
begins doing its intended job, which is to release hydrogen into the cavity 2611 when the 
hydride is at an elevated temperature. 

PARTICULATE TRAP FOR DIESEL EMISSIONS 
A particulate trap 160JJ (Fig. 8) is often used to trap soot and carbon particulates 
in the exhaust from diesel engines and to burn off these particles in a safe and non- 
polluting manner. The present technology can also be used in particulate traps, as 
described below. The detail of particulate traps and their operation is not needed for an 
understanding of the present invention. It is sufficient to know that particulate traps 
require considerable heat and have a relatively high operating temperature for optimal 
operation. During cold starts, when the particulate trap is cold, it is inefficient and does 
not operate effectively. Accordingly, all of the discussion above in regard to providing 
thermal control and management of the vacuum cavity applies, including the discussion 
relative to PCM materials, vacuum atmospheric/hydrogen control and insulative control, 
and reflective shields. 

Particulate trap 160JJ is similar to the converter structure 20 in that the 
particulate trap 160JJ includes inner and outer housings 21JJ and 22JJ spaced apart to 
define a vacuum cavity 26JJ. The inner and outer housings 21JJ and 22JJ include inlet 
and outlet ends where exhaust is received and emitted, respectively. An intermediate 
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housing 60JJ holds PCM material adjacent the inner housing 21JJ. Getter material is 
provided to maintain the vacuum in the cavity 26 JJ for a long service life. Hydride 
materials are provided to emit hydrogen once an operating temperature is achieved so 
that the particulate trap does not overheat. Radiation shields 72JJ are wrapped loosely 
around the intermediate housing 60JJ for reflecting heat energy to prevent undesired heat 
loss. It is to be understood that the cavity 26JJ can be actively or passively thermally 
managed. The thermally-insulated particulate trap device 161JJ is located inside inner 
housing 21JJ and potentially includes a regeneration method of fuel-fired thermal assist 
or fuel additive chemical assist, to promote complete burning of the carbon particles and 
soot found in diesel exhaust. 

In the foregoing description, those skilled in the art will readily appreciate that 
modifications may be made to the invention without departing from the concepts 
disclosed herein. Such modifications are to be considered as included in the following 
claims, unless these claims by their language expressly state otherwise. 
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AMENDED CLAIMS 
[received by the International Bureau on 06 July 2000 (06.07.00); 
original claims 1, 4, 6, 8, 1 1, 12 and 14 amended; original claims 2 and 3 cancelled; 
remaining claims unchanged (5 pages)] 
1. A thermally-activated exhaust treatment device, such as a catalytic converter adapted to 
control exhaust emissions in a vehicle, comprising: 

an inner housing having a first inlet and a first outlet defining a longitudinal direction 
and having an exhaust treatment device therein chosen to reduce undesirable emissions from 
exhaust of a combustion engine as the exhaust passes from the first inlet to the first outlet; 

an outer housing enclosing the inner housing but ^hara^tgrig rieally not contacting the 
inner housing, the outer housing including a second inlet and a second outlet that align with the 
first inlet and the first outlet of the imn»r housing, the inner and outer housings including walls 
forming a sealed insulation cavity around the inner bousing, the insulation cavity having a 
vacuum drawn therein; and 

an intermediate housing positioned adjacent to the inner housing thaf includes metal 
phase change material comprising an alloy including Zi n c (Zn), Magnesium (Mg), and 
; Aluminum (Ai), wherein the metal phase change material includes by weight about 35% to 
55% Zn by weight, about 35-55% Mg by weight, about 2%-20% Al by weight, and about 0- 
15% Si by weight. 

2. Canceled 

3. Canceled 

4. The device defined in claim 1, wherein the metal phase change material has a eutectic 
temperature in a range of about 339° to 350°. 

5. The device defined in claim 4, wherein the metal phase change material has a eutectic 
temperature of about 340°. 

6. The device defined in claim 8, wherein the metal phase change material has a eutectic 
temperature in a range of about 339° to 350°C. 

7. The device defined in claim 6, wherein the metal phase change material has a eutectic 
temperature of about 340°C. 
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8. A thermally-activated exhaust treatment device, such as a catalytic converter adapted to 
control exhaust emissions in a vehicle, comprising: 

an inner housing having a first inlet and a first outlet defining a longitadinal direction 
and having an exhaust treatment device therein chosen to reduce undesirable emissions from 
exhaust of a combustion engine as the exhaust passes from the first inlet to the first outlet; 

an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including a second inlet and a second outlet that align with the 
first inlet and the first outlet of the inner housing, the inner and outer housings including walls 
forming a sealed insulation cavity around the inner housing, the insulation cavity having a 
vacuum drawn therein; and 

an intermediate housing positioned adjacent to the inner housing that includes metal 
phase change material and salt phase change material along with the metal phase change 
material. 

9. The device defined in claim 1, wherein the metal phase change material has an 
expansion upon undergoing a phase change of less than about 8% volume increase. 

10. The device defined in claim 1, wherein the exhaust treatment device includes a catalytic 
material. 

11. A thermally-activated exhaust treatment device, such as a catalytic convener adapted to 
control exhaust emissions in a vehicle, comprising: 

an inner housing having a first inlet and a first outlet defining a longitudinal direction 
and having an exhaust treatment device therein chosen to reduce undesirable emissions from 
exhaust of a combustion engine as the exhaust passes from the first inlet to the first outlet; 

an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including a second inlet and a second outlet that align with the 
first inlet and the first outlet of the inner housing, the inner and outer housings including walls 
forming a sealed insulation cavity around the inner housing, the insulation cavity having a 
vacuum drawn (herein; and 
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an intermediate housing positioned adjacent to the inner housing that includes metal 
phase change material, wherein the inner housing of the exhaust treatment device is shaped and 
configured to form s a particulate trap. 

12. A thermally-activated exhaust treatment device, such as a catalytic converter adapted to 
control exhaust emissions from an internal combustion compression engine, such as a diesel 
engine, comprising: 

an inner housing having a first inlet and a first outlet defining a longitudinal direction 
and having an exhaust treatment device therein chosen to reduce undesirable emissions in 
exhaust of a diesel engine as the exhaust passes from the first inlet to the first outlet; 

an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including a second inlet and a second outlet that align with the 
first inlet and the first outlet of the inner housing, the inner and outer housings including walls 
forming a sealed insulation cavity around the inner housing, the insulation cavity having a 
vacuum drawn therein; and 

a thermal management system operably connected to the insulation cavity that is 
constructed to control heat flow from the inner housing to maximize the time the exhaust 
treatment device is within a predetermined optimum temperature operating range that includes 
a first phase change material that operates at an upper limit and a second phase change material 
that operates at a lower limit. 

13. The device defined in claim 12, the predetermined optimum temperature operating 
range is between about 200° and 400°C, and wherein the thermal management system is 
configured to change thermal properties of the insulation cavity in response to temperatures 
that are above and below the range of 200° to 400°C. 

14. A thermally-activated exhaust treatment device, such as a catalytic converter adapted to 
control exhaust emissions from a diesel engine, comprising: 

an inne r housing having a first inlet and a first outlet defining a iongitudinal direction 
and having an exhaust treatment device therein chosen to reduce undesirable emissions in 
exhaust of a diesel engine as the exhaust passes from the first inlet to the first outlet; 
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an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including a second inlet and a second outlet that align with the 
first inlet and the first outlet of the inner housing, the inner and outer housings including walls 
forming a sealed insulation cavity around the inner housing, the insulation cavity having a 
vacuum drawn therein; and 

a thermal management system operably connected to the insulation cavity that is 
constructed to control heat flow from the inner housing to maximize the time the exhaust 
treatment device is within a predetermined optimum temperature operating range that includes 
an upper limit and a lower limit, wherein the predetermined optimum temperature operating 
range is between about 250° to 310°C at the lower and upper limits, respectively. 

15. The device defined in claim 12, wherein the thermal management system comprises an 
active thermal control system. 

16. The device defined in claim 15, wherein the active thermal control system includes an 
electrical circuit and an electrically heated metal hydride. 

17. The device defined in claim 15, wherein the active thermal control system includes a 
coolant actively removing heat. 

18. The device defined in claim 12, wherein the thermal management system comprises a 
passive thermal control system. 

19. The device defined in claim 18, wherein the passive thermal control system includes 
passive air cooling fins attached to the outer housing. 

20. The device defined in claim 18, wherein the passive thermal control system includes 
passively heated metal hydride. 

21 . The device defined in claim 12, wherein the exhaust treatment device includes a 
catalytic material. 
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22. The device defined in claim 12, wherein the exhaust treatment device includes a 
particulate trap. 
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